Introduction
Decapoda is the most popular, economically important, and species-rich group of all crustaceans, containing approximately 18,000 living and extinct species (De Grave et al., 2009) . Numerous analyses of Decapoda have been published based on complete mitochondrial genome sequences (Ma et al., 2015) . However, there is still controversy regarding relationships among the major decapod taxa. Grapsidae is in the family Brachyura and the higher taxa in the classification of Decapoda (Schubart et al., 2006) . Grapsidae contains four subfamilies comprising Grapsinae, Varuninae, Sesarminae, and Plagusiinae (Niem, 1993; Karasawa and Kato, 2001) . However, some studies have treated these four subfamilies as families. Over the last 20 years, the topologies of the molecular trees published concerning Grapsoidea's phylogenetic relationships have been contradictory, especially for Eriocheir species (Eriocheir japonica sinensis, Eriocheir japonica hepuensis, and Eriocheir japonica japonica) (Chu et al., 2003; Tang et al., 2003; Wang et al., 2008) .
Due to the high copy number in tissues, haploid nature, and maternal inheritance (Moritz et al., 1987) , the cytochrome coxidase subunit I (CO1) gene has been favored as a marker in many investigations, including population genetic and systematic studies. The high variability of CO1 makes it a useful gene for phylogenetic inference and it is often used in preference to the whole mitochondrial genome because of the availability of universal mitochondrial DNA primer sets and the potential to reduce the time required to complete the investigation.
In the present study, we attempted to elucidate the phylogenetic relationships of Grapsoidea species based on CO1 gene sequences. Numerous Decapoda species were downloaded from GenBank. Alpheus distinguendus was used as an outgroup.
Materials and methods

Specimens and DNA extraction
Adult specimens (n = 10) of eight Grapsoidea species were collected from Yancheng, Jiangsu Province, in June 2014. The species were cultured in aerated tap water maintained at 21 ± 1 °C for 1 week before use in experiments. Total genomic DNA was isolated from single specimens of each species using an Aidlab Genomic DNA Extraction Kit (Aidlab, China) according to the manufacturer's instructions. DNA from an individual crab was used for amplification of the complete mitogenomes.
PCR and DNA sequencing
For amplification of the CO1 genes of the eight selected Grapsoidea species, universal primers were designed based on the nucleotide sequences of known mitochondrial sequences in Brachyura (Ji et al. 2014 ). Primers were synthesized by Beijing Sunbiotech (China). The fragments were amplified by PCR using Aidlab Red Taq (Aidlab, China) in a total reaction volume of 50 µL volumes, containing 5 µL 10X Taq plus buffer (Mg 2+ ), 4 µL of dNTPs, 2 µL of each primer, 2 µL of DNA, 34.5 µL of ddH 2 O, and 0.5 µL of Red Taq DNA polymerase. The PCR conditions were as follows: 94 °C for 3 min followed by 40 cycles of 30 s at 94 °C, annealing for 35 s at 48-56°C (depending on the primer combination), elongation for 1-3 min (depending on length of the fragments) at 72 °C, and a final extension step of 72 °C for 10 min. The PCR products were detected by 1.0% agarose gel electrophoresis and visualized with ChemiDoc. Gel extraction of clearly visible bands was performed and the PCR products were sequenced by SunBiotech (China).
Alignments
All CO1 nucleotide sequence alignments were performed using online MAFFT software (Katoh et al., 2002; Katoh and Standley, 2003) . Poorly aligned positions and divergent regions were removed using Gblocks (Castresana, 2000) . In our study, the fasta sequences were converted to nex format sequences and phylip format sequences for Bayesian inference (BI) and maximum likelihood (ML) determinations. For saturation detection, DAMBE was used to detect saturated conditions of sequences (Xia and Xie, 2001 ).
Phylogenetic analyses
The phylogenetic trees were constructed to estimate the taxonomic status of Grapsoidea species within Decapoda. CO1 sequences from 49 mitogenome protein coding genes were combined. Datasets were analyzed using two inference methods: BI and ML. BI was performed with MrBayes v3.2.1 (Ronquist et al., 2011) . ML was calculated with raxmlGUI (Silvestro and Michalak, 2012) . Substitution model selection was performed using Akaike information criteria implemented in MrModeltest v 2.3 (Cui et al., 2011; Zhao and Cui, 2012 ). The GTR+I+G model was the best model of CO1 phylogenetic and molecular evolution analyses. BI and ML analyses of CO1 nucleotide gene sequences of the eight selected Grapsoidea species were performed using the GTRCAT model.
Results and discussion
Cytochrome oxidase subunit 1
The CO1 genes of eight Grapsoidea species (S. sinensis, C. sinensis, H. latimera, H. tientsinensis, H. sanguineus, H. wuana, V. litterata, and P. bidens) were sequenced in this paper. As shown in Figure 1 , the lengths of sequences were from 1534 bp to 1560 bp. The CO1 genes sequences of other 40 decapod species were downloaded from GenBank (Table 1) . A. distinguendus was used as the outgroup. Figure 1 . PCR images of eight Grapsoidea species. "1" is S. sinensis; "2" is C. sinensis; "3" is P. bidens; "4" is H. latimera; "5" is H. tientsinensis; "6" is H. wuana; "7" is H. sanguineus; "8" is V. litterata. 
Base composition and sequence alignment
The base compositions of the CO1 genes of the eight selected Grapsoidea species investigated in this study are shown in Figure 2 . Base contents were calculated by means of artificial statistics. The AT contents were higher than GC contents. Nucleotide and amino acid sequence alignments are shown in Figures S1 and S2 . The synonymous and nonsynonymous distances for each pair of species are shown in Table 2 . 
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Phylogenetic analyses
ML and BI analyses revealed a largely congruent pattern of the CO1 genes among Decapoda. Traditionally, Grapsidae is divided into four subfamilies: Grapsinae, Varuninae, Sesarminae, and Plagusiinae (Niem, 1993; Brossi-Garcia and Rodrigues, 1997; Cuesta and Schubart, 1999; Karasawa and Kato, 2001) . However, there is controversy regarding the relationships among the subfamilies based on larval morphology (Pereyra, 1993; Schubart and Cuesta, 1998) .
In the present study, we investigated a limited number of Grapsoidea species, representing only the families Sesarmidae and Varunidae, which formed the focus of the subsequent investigations.
Relationships within Sesarmidae
Three species (S. sinensis, C. sinensis, and P. bidens) showed a clear close relationship and seemed to hold an independent position, with the closest apparent alignment with the family Sesarmidae. S. sinensis, C. sinensis, and P. bidens were clustered in a single branch (Figure 3 ) in the phylogenetic tree with high nodal support values 
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determined based on CO1 genes using BI and ML analyses. Thus, S. sinensis, C. sinensis, and P. bidens should be attributed to Sesarmidae, Grapsoidea, despite belonging to different genera. S. sinensis and P. bidens belong to Sesarma, while C. sinense belongs to Clistocoeloma. Sesarma and Clistocoeloma are part of Sesarmidae, Grapsoidea. These findings are in keeping with previous reports (Von Hagen, 1978; Tang et al., 2017; Xin et al., 2017a) We present evidence that both Helice species are significantly closer to most Varunidae genera than to the Sesarmidae based on the CO1 genes sequences, which is in accordance with the findings reported by Guinot (1978) and Schubart et al. ( , 2000 . Preliminary results show that the genus Varuna clusters with the other Varunidae species based on its 16S rRNA sequence (Schubart et al., , 2000 . The results indicate that Varuna belongs to the family Varunidae, which is in accordance with the findings reported by Schubart et al. ( , 2000 . Hemigrapsus is most closely related to Varuna. Our results are consistent with those given in previous studies (McDermott, 1998; Liu et al., 2015; Xin et al., 2017b ).
Other species
The phylogenetic tree constructed as part of this study shows some crab species are closely related to Grapsoidea species. Pachygrapsus crassipes belongs to the family Grapsidae (Cuesta and Schubart, 1999) . The phylogenetic position of Ilyoplax deschampsi is within Grapsoidea even after eliminating the effect of LBA (Ji et al., 2014) . Previous studies have shown that Ilyoplax deschampsi is part of Dotillidae in ambiguous classification; however, the results show that Ilyoplax deschamps belongs to Grapsoidea with high nodal support values determined based on nucleotide sequences of CO1 genes. Furthermore, Xenograpsus testudinatus, which was originally placed in Varunidae, has been transferred to its own family (Xenograpsidae) (Ng et al., 2007) . Construction of the evolutionary tree clearly shows that the orders Dotillidae and Xenograpsidae are sister groups of Grapsoidea. This finding is consistent with those given in other studies (Ng et al., 2008) .
In conclusion, the CO1 genes of eight Grapsoidea species (S. sinensis, C. sinensis, P. bidens, H. latimera, H. tientsinensis, H. wuana, H. sanguineus, and V. litterata) were sequenced and analyzed in this study. The sequences of these CO1 genes exhibited a highly A + T bias. 
